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show good agreement with simulated perform
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I.  INTRODUCTION 
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the aforementioned problems is to de
comprising self-powered mechanisms th
Frequency (RF) energy harvesting system 
significantly reduces the cost of replacing bat
which also saves time.   
An energy harvesting system consis
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circuitry. Fig. 1 shows the basic block diag
harvesting system.  
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integration with matching and rectifying circuit to generate DC 
power. 
II. ANTENNA DESIGN 
The geometry of this planar dual-band monopole antenna 
consists of a ground plane (Layer 3) on the back of the 
substrate (Layer 2) and three connected microstrip lines labeled 
as A1, A2 and A3 on top of the substrate (Layer 1). These three 
connected microstrip lines act as the planar-monopole structure 
and share the same feeding point with the coaxial cable 
connector.  
The antenna was simulated in FR4 substrate with dielectric 
constant of 4.4 and thickness of 1.6mm. While the microstrip 
line and the ground plane used material from the copper 
annealed with thickness of 0.035mm. The geometry of the 
planar monopole antenna is shown in Fig. 2. 
 
(a) 
 
(b) 
 
(c) 
Fig. 2: Structure of planar dual-band monopole antenna   
(a) Perspective view (b) Front view (c) Back view 
 
The lengths and geometries of the three connected 
microstrip lines can be optimized to provide the required 
impedances for two frequency bands operation. For instance, 
the central microstrip line, A1 can provide impedance of 50 
ohms at the lower frequency of 915 MHz while the two side 
arms, A2 and A3 can be optimized to provide required 
impedance for 1800MHz frequency band. The antenna’s 
dimensions are optimized by physical parametric studies.  
III. EXPERIMENTAL RESULTS AND DISCUSSION 
The antenna is then fabricated in-house and the photograph 
of the prototype can be seen in Fig. 3. An experimental 
measurement also has been made to validate the simulation 
results. 
 
      
                                     (a)                                                  (b)  
Fig. 3: Antenna prototype of planar dual-band monopole antenna (a) front 
view (b) back view 
 
A. Return Loss, Bandwidth and Gain 
S-parameter simulations of the antenna have been carried 
out using the Computer Simulation Tool (CST) 2011. Fig. 4 
shows the simulated and measured return losses of the antenna.  
 
Fig. 4: Simulation and measured return loss of planar dual-band monopole 
antenna 
The measured return loss is in line with the simulation 
response where both manage to achieve lower than -10 dB. 
However, measurement result shows better return loss than the 
simulated one but the resonant frequencies were slightly 
shifted. 
From the measured data, two resonant modes at about 
912.5 MHz and 1.70 GHz are successfully achieved. Table 1 
shows the comparison of simulation and measurement result 
for the planar dual-band monopole antenna. 
The gain parameter is measured by using the following 
equation; 226
Gain Received = PR– PT – GT + LP + LC1 + LC2              (1) 
 Where PR = power received; PT = power transmit; GT = 
gain transmit; LP = path loss; and LC = cable loss. The path loss 
is determined using Eq. 2. 
LP = 32.45 + 20 log f (MHz) + 20 log d (km)                 (2) 
 The variable f denotes the frequency of interest in MHz 
while d denotes the distance between transmitting and 
receiving antenna in kilometers.  
TABLE I.  SIMULATION AND MEASUREMENT RESULT OF PLANAR 
DUAL-BAND MONOPOLE ANTENNA 
Freq. 
of interest 
fr Return  
Loss 
(dB) 
Bandwidth 
 
(MHz) 
Gain 
 
(dB) 
915 
MHz 
Sim. 
886 MHz 
-27.54  102.7  1.97  
Meas. 
925 MHz 
-30.06  124.2  -1.64 
1800 
MHz 
Sim. 
1.85 GHz 
-15.96  236.1  3.05  
Meas. 
1.73 GHz 
-25.50  196.9  0.85 
The differences between simulation and measurement 
result are caused by the losses influenced by the distance, 
cables and connectors. 
B. Radiation Pattern 
 The radiation characteristics are also investigated and 
shown in Fig. 5.  
 
                                (a)                                                        (b) 
      
                                (c)                                                        (d) 
Fig. 5: Antenna’s radiation pattern for (a) simulation at 900 MHz (b) 
simulation at 1800MHz (c) measurement at 900 MHz (d) measurement at 
1800 MHz 
The simulated radiation pattern indicates that the antenna 
radiates directionally while the measured radiation pattern is 
omnidirectional. The different patterns of simulation and 
measurement are observable and this might be caused by the 
environment around the antenna such as metallic influence 
which affected the measurement process.   
 
C. Impedance Matching 
 The simulated impedance results are shown in Fig. 6. The 
planar dual-band monopole antenna shows impedance of 
77.78-j9.01 Ω at 915 MHz and 38.27+j7.20 Ω at 1800MHz.   
 
Fig. 6: Simulated impedance matching 
 
It is observed that the antenna is not well matched to the   
50 Ω impedance. However, a design of matching circuit can be 
proposed to match the impedance of the antenna with the 
rectifying circuit. This is to ensure the optimum power transfer 
can be delivered.  
 
D. Surface Current 
 Fig. 7 shows the surface current of the dual-band monopole 
antenna.  
 
(a) 
 
(b) 
Fig. 7: Simulated radiation patterns of dual-band monopole antenna at (a) 900 
MHz (b) 1800 MHz 227
From the figures, the current for lower frequency is 
radiated at A1 arm while A2 and A3 arm radiate the current 
for upper frequency. 
E. Output Voltage and Output Power 
An experimental test has been conducted by varying the 
distance, D between the transmitting and receiving antenna. 
The input power of transmitting antenna is injected directly 
from a signal generator ranged from -20dBm to 20dBm. The 
output voltage and output power at the receiving antenna is 
then measured by using a spectrum analyzer.  
Table II, Table III and Table IV show the output result from 
the receiving antenna based on different distances, D equal to 
75, 50, and 25 cm. From these tables, it can be observed that 
the variation of distance and input power will affect the 
receiving antenna’s output. The output voltage and power 
increased when the distance, D of the transmitting and 
receiving antenna is reduced. The output voltage and power are 
also increased when the input power increased.  
 Hence, it can be concluded that the output voltage and 
output power is inversely proportional to the distance between 
transmitting and receiving antenna. However, the output 
voltage and output power is directly proportional to the input 
power.  
TABLE II.  MEASURED ANTENNA OUTPUT VOLTAGE AND OUTPUT 
POWER AT D = 75CM 
Transmit 
Antenna 
Receive Antenna 
Input 
Power 
Output 
Voltage 
Output 
Power (W) 
Output 
Power (dBm) 
-20 dBm 25.47 mV 15.36 μW -18.14 dBm
-10 dBm 31.95 mV 20.41 μW -15.66 dBm
0 dBm 36.85 mV 27.16 μW -16.90 dBm
10 dBm 74.73 mV 122.46 μW -9.12 dBm
20 dBm 192.97 mV 753.35 μW -1.23 dBm
TABLE III.  MEASURED ANTENNA OUTPUT VOLTAGE AND OUTPUT 
POWER AT D = 50CM 
Transmit 
Antenna 
Receive Antenna 
Input 
Power 
Output 
Voltage 
Output 
Power (W) 
Output 
Power (dBm) 
-20 dBm 30.79 mV 17.33 μW -17.43 dBm
-10 dBm 31.22 mV 19.49 μW -16.87 dBm
0 dBm 35.11 mV 24.66 μW -16.08 dBm
10 dBm 74.73 mV 120.78 μW -9.42 dBm
20 dBm 234.69 mV 1.1 mW 0.42 dBm
 
 
TABLE IV.  MEASURED ANTENNA OUTPUT VOLTAGE AND OUTPUT 
POWER AT D = 25CM 
Transmit 
Antenna 
Receive Antenna 
Input 
Power 
Output 
Voltage 
Output 
Power (W) 
Output 
Power (dBm) 
-20 dBm 30.16 mV 19.72 μW -17.05 dBm
-10 dBm 32.21 mV 23.38 μW -16.31 dBm
0 dBm 53.82 mV 57.94 μW -12.37 dBm
10 dBm 118.44 mV 280.54 μW -5.52 dBm
20 dBm 331.51 mV 2.19 mW 3.42 dBm
 
 This experimental work is an early effort done for the 
antenna of an energy harvester. The performance may be 
improvised by designing antennas with optimum performance 
to capture as much energy as possible and able to capture more 
energy even further. It is recommended to discover and design 
the most suitable antenna topology in order to produce better 
output. 
 
IV. CONCLUSION 
In this paper, the performance of a planar dual-band 
monopole antenna has been presented. The antenna operates at 
915MHz and 1800MHz for GSM band application. The 
antenna’s measured return loss is better than the simulation 
value. However, the resonance frequencies are slightly shifted. 
Nevertheless, it is able to cover the frequency range of 
interest. The gain at 1800MHz is higher that the gain at 
915MHz frequency. Hence, the antenna radiates well at 
1800MHz frequency with an omnidirectional pattern 
compared to the radiation pattern at 915MHz. The measured 
antenna bandwidth at 915MHz represents 13.6% for ||S11|| ≤ 
10dB, while the antenna bandwidth at 1800MHz represents 
10.9% for ||S11|| ≤ 10dB. Future works can be done to improve 
the bandwidth of the antenna by increasing the substrate 
thickness or by adding parasitic elements. Additional 
microstrip lines at the antenna may be used to enhance it to a 
multiband antenna. 
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